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Abstract 
 
The nano crystalline manganese nickel cobalt ferrite is synthesized by a simple technique of 
thermal evaporation with the help of egg white and its magnetic behaviour is analyzed for different 
annealing temperature. The saturation magnetization for MnNiFe2O4 at different annealing temperature 
has been recorded and also the influence of particle size in magnetic properties is analyzed. The FT-IR 
spectra of the sample reveal the common feature of ferrites like high frequency band to the tetrahedral and 
low frequency band to the octahedral stretching vibrations. The presence of constituent phases in 
MnNiFe2O4 is confirmed by X-Ray Diffraction. The particle size, morphology and percentage of 
composition elements are measured by employing Transmission Electron Microscopy (TEM),  
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1. Introduction  
 
The spinel ferrite nanoparticles have been investigated for various applications such as catalysts, 
microwave devices, ferrofluids and magnetic materials etc, [1]. Manganese Nickel ferrite MnNiFe2O4 
nanoparticles have been synthesized for their wide application in magnetic materials. The high magnetic 
properties of these materials have created an interest in the field of magnetic nanoparticles. These 
magnetic nano ferrite has been successfully synthesized by solid state reaction [2], high-temperature self- 
propagating [3], micro emulsion [4], combustion process [5], sol-gel process [6], hydrothermal synthesis 
[7], and other methods [8, 9]. In our study, we made an attempt to synthesize nanocrystalline MnNiFe2O4 
by using egg white [10, 11]. Egg white proteins are well known for their gelling, in addition to their high 
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nutrition quality. It has been used as a binder cum gel for shaping materials. The use of egg white
simplifies the process and would provide another alternative process for the simple and economical
synthesis of nano crystalline particles. The role of egg white in magnetic ferrites is reported for NiFe2O4
with the particle size in the range of ~60-600 nm [12]. This study reported the achievement of  
MnNiFe2O4 nanoparticles with the smaller range of particle size as ~42-49 nm by using Manganese,
Nickel, Cobalt and Ferric nitrates and freshly extracted egg white in an aqueous medium. The synthesized 
nano crystalline MnNiCoFe2O4 samples were analyzed by X-ray diffraction (XRD) and Fourier transform
infrared (FT-IR). The effect of manganese in magnetic properties of MnNiFe2O4 nanoparticles were also
investigated using a Vibrating Sample Magnetometer (VSM) at room temperature.          
2. Experimental method
Analytic grade of manganese nitrate [Mn(NO5)3.4H2O)], nickel nitrate [Ni(NO3)2.6H2O], and 
ferric nitrate [Fe(NO3).9H2O] were used to prepare MnNiFe2O4 nanoparticles with the help of egg white. 
Subsequently, manganese nitrate, nickel nitrate and ferric nitrate were dissolved in deionized distilled 
water and added slowly to the egg white with vigorous stirring at 80°C to obtain a well-dissolved
solution. Throughout the process no pH adjustment was made. Then, the mixed solution was evaporated 
by heating at 100°C until a dried precursor was obtained. The precursor was crushed into powder and the 
powder was annealed at 400°C and 600°C.    
The MnNiFe2O4 powders were subjected to XRD analyses with Rigaku X-ray diffraction unit
(Model ULTIMA III) to obtained the structural properties. FTIR spectra of samples were recorded in the
range 400 4000 cm-1 using Perkin-Elmer FT-IR RXI spectrometer by KBr pellet technique. The 
magnetic properties of the samples are also investigated by using the vibrating sample magnetometer 
(VSM). 
3. Results and discussion
3.1 XRD analysis
Fig. 1 represents the powder X-Ray diffraction patterns of MnNiFe2O4 for as-prepared, as well as 
different annealing temperature 400 C and 600 C. The peaks are indexed with the help of standard 
pattern reported in JCPDS card No. #38 0430 and #8 234 [13, 14]. XRD pattern reveals that the prepared 
powders are a well crystalline with cubic spinel structure. The average particle size of the prepared 
powder has been calculated using Debye-Scherrer formula [15] It is seen that the powder of synthesized 
ferrites are of nano crystalline particles in the range of 42-49 nm. Also it is observed that the particle size
increases with the increase of annealing temperature [16].
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Fig.  1 XRD patterns of MNNiFe2O4 nanoparticles using egg white 
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3.2  F T- IR analysis 
 
Fig. 2  FT-IR spectra  of MnNiFe2O4 nanoparticles  by using egg white 
 
Fig.2 shows the FTIR spectra of MnNiFe2O4nanoparticles at different sintering temperatures like 
asprepared, 400 C and 600 C. The FT-IR spectra showings the ferrite can be continuously bonded 
crystal, via ionic, covalent or Van der Walls forces to the namely tetrahedral (A-sites) and octahedral (B-
sites) according to the geometrical configuration of the oxygen nearest neighbours. The band 1 around 
600 cm-1 is attributed to stretching vibration of tetrahedral complexes and the 2 around 500 cm-1 to that of 
octahedral cluster. It should be ascribed to the shorter bond length of the tetrahedral cluster and longer 
bond length of the octahedral cluster. The absorption bands about 3400 cm-1 to 1630 cm-1 are ascribed to 
the O-H stretching modes and H-O-H bending vibration of the free or absorbed water. However, the 
existence of hydroxyl group is observed even in the sample sintered at 600 C. This is due to the re-
adsorption of water molecules from the ambient atmosphere. The band at about 1380 cm-1 is associated 
with the antisymmetric NO3- stretching vibrations directly arising from the residual nitrate groups in the 
sample. The peaks appear at 2362 cm-1   are due to the presence of CO2 in the decomposition products. 
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These peaks are almost disappeared on the calcinations temperature 130 C, 400 C and 600 C. The 
absorption band about 1100 cm-1 is created by the C-O-C stretching. On the FTIR spectra analysis, it is 
observed that the sample prepared by this process contain small amount of residual carbon. The intensity 
of the hydroxyl group peaks are presented in a minimum amount.  
 
3.3 VSM analysis 
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Fig. 3-5: Hysteresis curve of MnNiFe2O4 nanoparticles by using egg white for as-prepared (130°C), 
400°C and 600°C 
 Fig. 3-5 show the magnetic measurements through Vibrating Sample Magnetometer (VSM) for 
MnNiFe2O4 nanoparticles annealed at 400 C and 600 C. Magnetic properties like Saturation 
Magnetization (Ms), and Coercivity (Hc) of MnNiFe2O4 nanoparticle were analyzed from the hysteresis 
curve. It was observed that saturation magnetization (Ms) was increased with annealing temperature due 
to the increase in the particle size. The   saturation magnetization was obtained for as-prepared sample as 
~0.140 emu/g, similarly the saturation magnetization as ~0.26 emu/g for the sample at 400 C and ~0.095 
emu/g for the sample at 600 C was observed. The variation of coercivity (Hc) of sample can be seen 
through hysteresis curve. 
 The coercivity obtained as ~126 G for as prepared sample, ~456 G for the sample at 400 C and 
~948 G for the sample at 600 C respectively. The coercivity (Hc) increased for the sample annealed at 
400 C than the as prepared sample. The maximum coercivity is exhibited as ~948 G at the annealing 
temperature of 600 C. It reveals that the increase in sintering temperature increases the value of 
coercivity. This may be occurred by the variation of the particle size. The XRD result conformed that 
there is an increase in particle size at 600 C.  Thus the increases in the particle size of the MnNiFe2O4 
nanoparticle obviously increase the coercivity [17]. The increasing order of coercivity (Hc) of this sample 
at 600 C may be attributed to the less variation in the anisotropic flow of the ions present in the sample. 
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3.4 TEM analysis 
 
 
                                                                                          
 
 
Fig. 6: TEM image of  MnNiFe2O4 nanoparticles using egg white at 600°C. 
 
A TEM image of the nanoparticle MnNiFe2O4 using egg white is shown in Fig. 6. The crystalline 
shape with few spherical particles presence is observed from the picture with the average particle size of 
45 nm.  SAED pattern for the same powder shown in the up-left of the TEM image should be conformed 
that the structure is a spinel type with good crystalline nature. 
 
3.5 EDX analysis 
 
 The compositional analysis of the nanocrystalline MnNiFe2O4was observed by Energy-
Dispersive Detection X-Ray spectrum. Fig. 7 shows the EDX spectrum of MnNiFe2O4 nanoparticle 
annealed at 600 C. The EDX analysis reveals the presence of Mn, Ni and Fe in the prepared samples. 
This is well matched with the stoichiometric ratio with which the samples are synthesized. 
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Fig. 7:  EDX spectrum of Mn NiFe2O4  nanoparticle using egg white at 600°C. 
 
4. Conclusion 
 
 Indexed powder XRD pattern revealed that the as-prepared as well as sintered samples by this 
route possessed cubic spinel structure. There is an increase in particle size at higher temperature is 
observed. The particle size of synthesized and annealed ferrite samples are in range of 42-49 nm. A FT-IR 
spectrum of MnNiFe2O4 nanoparticle prepared by this technique show the absorption band around 600 
cm-1 and 500 cm-1 and is ascribed to the vibration modes of tetrahedral and octahedral cluster. The 
magnetic properties of nano crystalline MnNiFe2O4 powders were analyzed by Vibrational Sample 
Magnetometer (VSM). The coercivity of the sample is increased due to increase of particle size. TEM 
result confirms the particle size and crystalline shape with few spherical particles. The SAED pattern 
confirms the crystalline nature of the sample. The EDX analysis reveals the presence of Mn, Ni and Fe in 
the prepared samples. 
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